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57 ABSTRACT

Aheat sink adapted to thermally couple to a surface mounted
heat generating electronic device package in a manner which
provides an increased thermal path between the heat sink
and the electronic device package. The heat sink 1s typically
mounted piggyback on a heat generating electronic device
package which 1s surface mounted to a printed circuit board
or other substrate. The heat sink comprises thermal legs
which extend from the heat sk body and are thermally

coupled to thermal leads of the heat generating electronic
device package.

5 Claims, 6 Drawing Sheets
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HEAT SINK FOR DIRECT ATTACHMENT TO
SURFACE MOUNT ELECTRONIC DEVICE
PACKAGLS

FIELD OF THE INVENTION

The present mvention relates to a heat sink adapted to
thermally couple directly to a surface mounted heat gener-
ating electronic device package 1n a manner which provides
an 1ncreased thermal path between the heat sink and the
clectronic device package. More particularly, 1t relates to a
heat sink thermally coupled to the thermal leads of an
clectronic device package thereby creating a larger thermal
path between the device package and the heat sink facili-
tating the increased dissipation of heat from the electronic
device package.

BACKGROUND OF THE INVENTION

Many electronic devices and electrical systems, such as
fransistors, integrated circuits, power controls, switches,
microprocessors, and the like, generate heat during opera-
tion. The capability of some electronic devices 1s limited by
their ability to remove or expel internally generated heat.
This heat must be removed from the device to avoid general
or localized thermal degradation or failure of the device. In
some devices, the heat generated 1s sufliciently dissipated to
the surrounding environment by the enclosure, package,
header, or leads. Other devices require additional apparatus,
such as heat sinks, heat exchangers, etc., for removing and
dissipating excess thermal energy.

For purposes of the present invention, a heat sink 1s any
body of metal or like material which 1s placed 1n thermal
communication with an electronic device package or other
heat generating component for transferring internally gen-
erated heat from the device and for rapidly dissipating this
heat to the surrounding environment by conduction,
convection, and/or radiation. In order to accomplish this,
heat sinks are generally made of materials having high
coefficients of thermal conduction such as aluminum,
copper, and alloys thereof. Heat sinks may be extruded,
machined, molded, sawed, or formed of sheet metal bodies.
A typical heat sink for electrical applications functions by
conducting heat away from the heat generating component
and dissipating the heat into the surrounding air.
Accordingly, heat sinks are typically shaped to maximize
surface area by incorporating fins or pins. Increasing the heat
sink’s surface arca increases the heat sink’s ability to
dissipate heat to the surrounding atmosphere.

In order for the heat sink to operate efficiently, it must be
secured to, or otherwise placed in good thermal communi-
cation with, the heat generating device. Various means have
been used to attach heat sinks in thermal communication
with heat generating device packages. A known practice 1s
to glue, solder, or otherwise adhere a heat sink directly to a
predetermined surface of the body of a heat generating
device package with heat-conductive epoxy, solder paste,
thermally enhanced adhesives, or the like. Heat sinks may
also be mechanically attached to electronic device packages
with resilient metal clips mounted on the heat sink or with
screws, bolts, clamps, or other connective means which urge
the heat sink and electronic device package into mutual
physical contact. In addition, heat sinks may be remotely
located but thermally coupled to a heat generating device via
a heat spreader device, a heat pipe, or any other means of
transterring heat from the source of the heat to the heat sink.

Recently, technological advances have allowed electronic
components to decrease 1n size while significantly increas-
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ing 1 power and speed. This miniaturization of electronic
components with increased capability has resulted 1n the
generation of more heat 1n less space with the electronic
device packages having less physical structure for dissipat-
ing heat and less surface area for attaching a heat sink to

dissipate the heat. The reduction of surface area available to
attach a heat sink or other heat dissipating device effectively
reduces the thermal path for the heat to move from the heat
cgenerating device to the heat dissipating device. As used
herein, “thermal path” refers to the path along which, or the
heat conductive material through which, the heat 1s trans-
ferred from the heat generating device to the heat dissipating
device (heat sink). A smaller thermal path means less heat
can move from the heat generating device to the heat sink;
thus, the heat 1s dissipated at a slower rate and ultimately less
heat can be dissipated. By analogy, a smaller thermal path 1s
similar to a smaller water pipe wherein less water can pass
through it; thus, the water 1s transferred at a slower rate and
ultimately less water can be transferred. In order to maxi-
mize the efficiency and capability of a heat dissipating
assembly, one must seek to design the largest thermal path
between the heat generating device and the heat sink so that
all of the heat being generated can be dissipated.

Further complicating these general thermal management
Issues, however, 1s the growing preference for surface
mounting electronic components on printed circuit boards
(PCBs) or other substrates. The use of surface mount PCBs
1s desirable because 1t 1s a less costly and less time consum-
ing process of fabricating and populating PCBs than the
older manufacturing assembly process which required mser-
tion of components through holes 1 the circuit board for
subsequent soldering operations. Surface mount PCBs allow
for the increased use of automated manufacturing and
assembly techniques. In particular, surface mountable
devices are typically robotically picked and placed on the
PCB and then soldered to the PCB 1n one automated
manufacturing process. In addition to reducing assembly
costs, however, the surface mount technology has allowed
for even greater miniaturization of the electronic device
packages used on the boards. These smaller surface mount
device packages further reduce the device’s ability to dis-
sipate 1ts own heat, thus increasing the need for separate heat
sinks. In addition, the smaller packages make 1t increasingly
difficult to attach a heat sink directly to the device package.
Finally, even when a heat sink can be attached directly to the
heat generating device package, the size of the thermal path
1s limited by the available contacting surface area on the
smaller device package.

Several methods have been suggested to effectively dis-
sipate heat from these smaller surface mount electronic
device packages. One common approach 1s to use the ground
plane, or other similar thermally conductive area of the PCB
(such as a thermal plane, thermal pad, or thermal land) as a
rudimentary heat sink to spread and dissipate the heat
directly from the PCB. If the ground plane i1s used as a
thermal plane, heat from the electronic device package can
be transferred to the thermal/ground plane via the ground
leads of the electronic device package. Additionally, if the
clectronic device package has a collector tab, or other heat
dissipating tab, this tab can be thermally coupled to the
thermal plane of the PCB wvia a thermal pad on the surface
of the PCB. Thus, the ground leads or tab of the electronic
device package can be used as “thermal leads” to transfer
heat from the device package to the thermal plane of the
PCB. It should be noted, however, that the heat transferred
to the thermal plane of the PCB must eventually be dissi-
pated to the surrounding environment. If the thermal plane
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and thermal pads are 1incapable of adequately dissipating the
heat to the surrounding atmosphere, a heat sink or other heat
dissipating device may still be required. If required, a heat
sink can be soldered to a thermal pad in direct, or indirect,
thermal communication with the thermal plane. Although
the thermal pads and heat sinks may ultimately provide
adequate dissipation of the heat generated, these alternatives
often consume valuable board space thereby increasing the
size of the PCB or limiting the available board space for
populating the PCB, both of which are undesirable side
clfects.

SUMMARY OF THE INVENTION

In accordance with the present invention, there 1s pro-
vided a novel heat sink for dissipating heat from a surface
mount heat generating electronic device package wherein
the heat sink 1s adapted to provide additional thermal
connections directly to the heat generating device package.
By utilizing additional thermal connections to the heat
generating electronic device package, the heat sink creates a
larger overall thermal path from the heat generating elec-
tronic device package to the heat sink, thereby increasing the
available rate of heat dissipation and thus ultimately the
amount of heat which can be dissipated. By mounting the
heat sink directly to, 1.e. piggyback on, the heat generating
clectronic device package instead of on a remote thermal
pad on the PCB, this increased heat dissipation can be
achieved without consuming any additional space on the
PCB.

The 1nventive heat sink comprises a body of thermally
conductive material and at least one thermal leg extending
from the body, wherein the thermal leg of the heat sink is
adapted to make direct thermal contact with a thermal lead
of the heat generating electronic device package. The ther-
mal lead of the heat generating electronic device package 1s
typically either a ground lead of the device or a tab of the
device package.

In an alternate embodiment, the heat sink further com-
prises a first alignment leg extending from the body, adapted
to engage a side of the heat generating electronic device
package; and a second alignment leg extending from the
body, adapted to engage a different side of the heat gener-
ating electronic device package from the side engaged by the
first alignment leg. These alignment legs assist 1n the assem-
bly of the heat sink to the heat generating electronic device
package by properly aligning the heat sink such that the
thermal legs of the heat sink align with the thermal leads of

the electronic device package.

In another alternate embodiment, the thermal leg of the
heat sink 1s thermally connected to a thermal pad on the
substrate as well as the thermal lead of the electronic device

package.

The assembly 1ncorporating the inventive heat sink typi-
cally comprises a substrate having an embedded ground
plane or thermal plane, wherein the ground plane or thermal
plane 1s used for heat dissipation; a heat generating elec-
tronic device package mounted to the substrate, having a
thermal lead thermally connected to the thermal plane of the
substrate; and a heat sink comprising a body of thermally
conductive material and a thermal leg extending from the
body, wherein the thermal leg of the heat sink 1s 1n direct
thermal contact with the thermal lead of the heat generating
clectronic device package.

Various embodiments of the present invention are more
completely described below 1n reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by referenc-
ing the accompanying drawings wherein:
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FIG. 1 1s a perspective view of a heat dissipating assembly
incorporating an embodiment of the heat sink of the present
imnvention, where the thermal lead of the electronic device
package 1s a ground lead of the device;

FIG. 2 1s a perspective view of a heat dissipating assembly
incorporating an embodiment of the heat sink of the present
mmvention, where the thermal lead of the electronic device
package 1s the tab of the device;

FIG. 3(a) is a perspective view of a heat dissipating
assembly 1ncorporating an embodiment of the heat sink of
the present mvention where the electronic device package
has two thermal leads, both a ground lead and a tab of the
device.

FIG. 3(b) is a side sectional view of the embodiment of
FIG. 3(a).

FIG. 4 15 a perspective view of a heat dissipating assembly
incorporating an embodiment of the heat sink of the present
mvention, where the surface area of the heat sink has been
increased to increase the heat sink’s capacity to dissipate
heat;

FIG. 5(a) 1s a perspective view of a heat dissipating
assembly incorporating another embodiment of the heat sink
of the present mnvention, where the thermal leg of the heat
sink 1s thermally coupled to the thermal lead of the elec-
tronic device package and the thermal pad on the surface of
the substrate;

FIG. 5(b) 1s a side sectional view of the embodiment of
FIG. 5(a).

FIG. 6(a) is a perspective view of a heat dissipating
assembly 1ncorporating an embodiment of the heat sink of
the present invention in unassembled state where the thermal
legs of the heat sink extend between adjacent thermal leads
of the electronic package; and,

FIG. 6(b) 1s an assembled view of the heat dissipating
assembly of FIG. 6(a).

DETAILED DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, wherein like reference
characters denote corresponding parts:

A heat sk assembly 1n accordance with the present
invention 1is illustrated in FIG. 1.

As shown 1n FIG. 1, the heat dissipating assembly 10
incorporating an embodiment of the mmventive heat sink 20
comprises a heat generating electronic device package 12
surface mounted to a substrate 14. The substrate 14 1is
typically a PCB or some similar generally planar surface
used for surface mounting electronic devices. The substrate
14 does not necessarily have to include a thermal plane,
however, as discussed above, the ground plane of the

substrate or PCB 1s typically used as a thermal plane to
transfer heat.

The heat generating electronic device package 12 shown
in FIG. 1 has three electrical leads 16, although the invention
contemplates electronic device packages having more or less
leads than shown. For the device package 12 shown, the
middle electrical lead 1s a ground lead and 1s electrically and
thermally connected to the thermal/ground plane of substrate
14. Accordingly, this middle lead 1s the thermal lead 18 of
the electronic device package 12.

FIG. 1 shows an embodiment of the inventive heat sink 20
mounted directly to, 1.e. piggyback on, the electronic device
package 12. The heat sink 20 1s made of highly thermally
conductive material such as copper or aluminum. The body
22 of the heat sink 20 1s shown as a generally planar surface
supported above the electronic device package 12; however,
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the body 22 may be any structurally stable configuration.
The body 22 of the heat sink 20 1s approximately the same
dimension as the electronic device package 12 since the
body 22 of the heat sk 20 does not extend significantly
beyond the outer dimensions of the electronic device pack-
age 12, the heat sink 20 does not consume additional PCB
space. In addition, the body 22 of the heat sink 20 can be
mounted flush with the electronic device package 12 such
that the bottom surface of the body 22 of the heat sink 20 1s
in physical contact with the top surface of the electronic
device package 12. By increasing the surface arca of the
body 22 of the heat sink 20, however, by the use of pins, fins,
or otherwise, the capacity of the heat sink 20 to dissipate
heat to the surrounding environment can be increased.

Extending from the body 22 1s a thermal leg 24. The
thermal leg 24 extends from the body 22 of the heat sink 20
to the thermal lead 18 of the electronic device package 12
such that the thermal leg 24 1s 1n mutual physical contact
with the thermal lead 18. The thermal leg 24 1s preferably
thermally coupled to the thermal lead 18 using heat-
conductive epoxy, other thermally enhanced adhesive,
solder, etc. To 1ncrease the contact surface area between the
thermal leg 24 and the thermal lead 18, the thermal leg 24
can be formed arcuate, angled, or can be otherwise shaped
such that a portion of the thermal leg 24 1s generally adjacent
and parallel to the contacting surface of the thermal lead 18.
To further increase the contact surface area between the
thermal leg 24 and the thermal lead 18, the thermal leg 24
should have approximately the same width as the thermal
lead 18. Ultimately, the size and shape of the thermal leg 24
should be designed to maximize the contact surface arca
between the thermal leg 24 and the thermal lead 18, while
ensuring that the thermal leg 24 does not contact the other
clectrical leads 16 causing an electrical short to ground. It
should also be noted, however, 1f adjacent electrical leads 16
are also ground leads which are used as thermal leads 18, a
single thermal leg 24 from the heat sink 20 may be used to
contact multiple thermal leads 18 by simply increasing the
width of the thermal leg 24 to extend over the adjacent
thermal leads 18. Alternatively, multiple thermal legs 24
may be formed in the heat sk 20 to contact multiple
thermal leads 18, where the thermal leads 18 are adjacent or

separated by other electrical leads.

Another feature of the inventive heat sink 20 shown 1n
FIG. 1 1s the first alignment leg 26 which extends from the
body 22 of the heat sink 20. The first alignment leg 26 1s
adapted to engage a side of the heat generating electronic
device package 12. A second alignment leg 28 extends from
the body 22 of the heat sink 20. The second alignment leg
28 1s adapted to engage the side of the heat generating
electronic device package 12 opposite from the side engaged
by the first alignment leg 26. Any number of alignment legs
26,28 can be formed 1n the heat sink 20 and can be used to
engage any part of the electronic device package 12 so long
as that part 1s not carrying an electrical current or signal such
that it would be shorted by the alignment leg. The first and
second alignment legs 26,28 align the heat sink 20 such that
the thermal leg 24 of the heat sink 20 aligns with the thermal
lead 18 of the electronic device package 12. These alignment
legs 26,28 assist 1n the assembly of the heat sink 20 to the
heat generating electronic device package 12 by properly
aligning the heat sink 20. In addition, the alignment legs
26,28 serve to keep the heat sink 20 i place during the
manufacturing process, thus allowing for the automated
placement of the heat sink 20 on the heat generating elec-
tronic device package 12 and for a subsequent oven or
heating process in which the surface mount device packages
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as well as the heat sink 20 can be soldered in place. In
addition, the alignment legs 26,28 help ensure that the heat
sink 20 will stay 1n place even after manufacturing, therecby
preventing the thermal leg 24 from slipping into contact with
other electrical leads 16 causing a short. Alternatively, a
portion of the thermal leg 24 can be angled or arcuate such
that 1t engages the side or another portion of the heat

ogenerating electronic device package 12 thereby aligning the
heat sink 20 on the device package 12.

FIG. 2 shows a perspective view of the heat dissipating
assembly 30 imncorporating an alternate embodiment of the
inventive heat sink 32. The heat dissipating assembly 30 1s
similar to the assembly 10 of FIG. 1. The heat dissipating
assembly 30 again comprises a heat generating electronic
device package 34 surface mounted to a substrate 14. The
heat sink 32 1s mounted directly on the electronic device
package 34. The body 36 of the heat sink 32 1s generally
planar and the heat sink 32 incorporates two alignment legs
26,28 engaging opposite sides of the electronic device
package 34. The thermal leg 38, however, extends from the
body 36 of the heat sink 32 to make contact with another
type of thermal lead 40. The electronic device package 34
utilizes a tab as a thermal lead 40. Electronic device pack-
ages 32 including a tab-type thermal lead are often referred
to as a TO-220 package, or D* package for surface mount
applications. The tab-type thermal lead 40 of electronic
device package 34 1s thermally connected to the thermal
plane of the substrate 14 via a thermal pad 42. The thermal
pad 42 1s formed on the surface of the substrate 14 and 1s
made of materials having a high coetficient of thermal
conductivity such as copper. The thermal lead 40 1s typically
soldered to the thermal pad 42 to ensure an efficient and
sturdy thermal connection.

The thermal leg 38 of the heat sink 32 1s adapted to
increase the amount of surface area contact between the
thermal leg 38 and the thermal lead 40 of the electronic
device package 34. The thermal leg 38 1s shown angled or
arcuate such that a portion of the thermal leg 38 1s generally
adjacent and parallel with a substantial portion of the
thermal lead 40. In addition, the parallel portion of the
thermal leg 38 1s sized to approximately match the dimen-
sions of the thermal lead 40 thereby increasing the surface
arca contact between them. By increasing the contact surface
arca between the thermal leg 38 and the thermal lead 40, a
larger thermal path 1s achieved between the heat generating
clectronic device package 34 and the heat sink 32 thereby
increasing the rate and amount of heat which can be dissi-
pated. By thermally coupling the thermal leg 38 to the
thermal lead 40 with thermal epoxy, adhesive, solder, etc.,
the efficiency and capacity of the heat dissipating assembly
30 can also be increased. To facilitate using solder or a
thermal adhesive, an aperture 44 1s formed in the parallel
portion of the thermal leg 38 adjacent the thermal lead 40.
A solder supply, such as a solder bead, solder plug, or glob
of solder paste, may be placed 1n the aperture 44. When the
heat dissipating assembly 30 1s heated to retlow solder for
the standard manufacturing assembly process for surface
mount PCBs, the solder plug 1n the aperture 44 will also
reflow thereby soldering the thermal leg 38 to the thermal
lead 40 of the heat generating electronic device package 34.
The size of the tab or thermal lead 40 of the heat generating
device 34 will determine the proper amount of solder to be
used 1n order to adequately secure the thermal leg 38 to the
thermal lead 40 without having any runoif of excess solder.
The thermal leg 38 provides an additional thermal connec-
tion to the heat generating device package 34 and thereby
provides an increased thermal path to conduct heat away
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from the heat generating electronic device package 34 to the
heat sink 32 for dissipation.

FIG. 3a shows a perspective view of the heat dissipating
assembly 50 incorporating an alternate embodiment of the
inventive heat sink 52 for use with a heat generating
clectronic device package 54 having two types of thermal
leads 56,58. The first thermal lead 56 1s a ground lead of the
device package 54 which 1s thermally coupled to the thermal
plane of the substrate 14. The second thermal lead 38 1s a

collector tab, or other heat dissipating tab, of the electronic
device package 54. The tab-type thermal lead 38 1s thermally
coupled to a thermal pad 42 which i1s 1n turn thermally
connected to the thermal plane of substrate 14. Correspond-
ing to the two thermal leads 56,58, the heat sink 52 has two
thermal legs 60,62. The first thermal leg 60 extends from the
body 64 of the heat sink 52 to contact the first thermal lead
56 of the electronic device package 54. Stmilarly, the second
thermal leg 62 extends from the body 64 of the heat sink 52
to contact the second thermal lead 58 of the electronic device
package 54. As discussed 1n reference to FIG. 1 and FIG. 2,
the thermal legs 60,62 and thermal leads 56,58 should be
shaped and thermally coupled to maximize the surface arca
of contact, thereby maximizing the thermal path between the
heat sink 52 and device package 54, and thus maximizing
the capacity and rate of heat dissipation of the assembly 50.
Also shown 1n FIG. 3 are alignment legs 26,28 having the
same general form and function as described 1n reference to
FIG. 1 and FIG. 2.

FIG. 3b shows a sectional view of the heat dissipating
assembly 50 (as shown in FIG. 3a) incorporating an alter-
nate embodiment of the inventive heat sink 52 for use with
a heat generating electronic device package 54 having two
thermal leads 56,58. The heat generating electronic device
package 54 1s surface mounted to the substrate 14, wherein
the device package 54 includes two thermal leads 56,58. The
first thermal lead 56 1s a ground lead from the device
package 54. The second thermal lead 38 1s a tab from the
device package 54. The heat sink 52 1s formed to mount
piggyback style on the electronic device package 54. The
first thermal leg 60 of the heat sink 52 extends from the body
64 of the heat sink 52 to physically and thermally contact the
first thermal lead 56 of the device package 54. Similarly, the
second thermal leg 62 extends from the body 64 of the heat
sink 52 to contact the second thermal lead 38 of the device

package 54. Aperture 44 1s shown 1n the second thermal leg,
62.

FIG. 4 shows a perspective view of the heat dissipating
assembly 70 incorporating an alternate embodiment of the
inventive heat sink 72. In particular, a larger heat sink 72
having increased surface arca 1s shown. Increasing the
surface area of the heat sink 72 increases the heat sink’s
ability to dissipate heat to the surrounding environment,
thereby increasing the capacity for heat dissipation of the
assembly 70. As shown 1n FIG. 3, the device package 54
includes a first and second thermal lead 56,58 and the heat
sink 72 incorporates a first and second thermal leg 60,62
where the thermal leads 56,58 are thermally coupled to the
thermal legs 60,62, respectively. A first and second align-
ment leg 26,28 arec shown punched, or otherwise cut,
through the larger body 74 of heat sink 72 for aligning the
heat sink 72 directly on the electronic device package 54.
The device package 54 1s again surface mounted to the
substrate 14.

FIG. 5a shows a perspective view of the heat dissipating,
assembly 80 incorporating an alternate embodiment of the
inventive heat sink 82. In particular, a larger heat sink 82
having increased surface area 1s shown. The heat sink 82 1s
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formed to thermally connect directly to the tab-type thermal
lead 58 of the electronic device package 34 as well as the
thermal pad 42 on the surface of the substrate 14. In
particular, the body 88 of the heat sink 82 comprises a
thermal leg 84 extending therefrom. The thermal leg 84 of
the heat sink 82 extends to and beyond the thermal lead 58
such that it contacts the thermal pad 42. Wings 86 extend
from the thermal leg 84 of the heat sink 82 to further contact
the portion of the thermal pad 42 exposed around the outside
edges of the electronic device package 34. Increasing the
surface arca of contact between the thermal pad 42 and the
heat sink 82 further increases the thermal path to transfer
heat to the heat sink 82. The surface area of the heat sink 82
can be 1ncreased to accommodate the increased heat by
incorporating {ins, pins, etc. In fact, the wings 86 as shown
in FIG. § extend generally upward from the thermal pad 42
on the surface of the substrate 14, thereby providing
increased surface area to dissipate heat from the heat sink

82.

FIG. 5b shows a sectional view of the heat dissipating
assembly 80. The heat generating electronic device package
34 1s surface mounted to the substrate 14. The electrical
leads 16 of the electronic device package 34 are not used as
thermal leads. The electronic device package 34, however,
does utilize a tab-type thermal lead 58. The heat sink 82
comprises a body 88 and a thermal leg 84 extending from the
body 88. The body 88 of the heat sink 82 1s generally planar
and 1s supported above the top surface of the electronic
device package 34. The thermal leg 84 of the heat sink 82
extends generally downward from the body 88 of the heat
sink 82 to the thermal lead 38 of the electronic device
package 34 and to the thermal pad 42 on the surface of the
substrate 14. The thermal leg 84 1s formed arcuate or angled
such that a portion thereof 1s adjacent and parallel with a
substantial portion of the thermal lead 38 of the electronic
device package 34. The thermal leg 84 1s additionally
formed angled or arcuate such that another portion of the
thermal leg 84 1s adjacent and parallel with a substantial
portion of thermal pad 42 on the substrate 14. The thermal
leg 84 15 1n direct thermal contact with the thermal lead 58
of the electronic device package 34 and the thermal pad 42.
By soldering the heat sink 82 to the thermal lead 58 and the
thermal pad 42, an efficient and sturdy thermal connection 1s
achieved. By forming the heat sink 82 to contact a substan-
tial portion of the thermal lead 58 and the thermal pad 42,
a larger thermal path to transfer heat to the heat sink 82 1s
formed, thereby increasing the capacity of heat dissipation
for the assembly 80. Aperture 44 1s formed 1n the portion of
the thermal leg 84 adjacent and parallel to the thermal lead
58 for attaching the thermal leg 84 to the thermal lead 58
with solder, heat-conductive epoxy, or other thermal adhe-
sives. Wings 86 extend from the thermal leg 84 to increase
the surface area of contact between the heat sink 82 and the
thermal pad 42. In addition, the wings 86 extend generally
upward from the thermal pad 42 thereby increasing the heat
sink’s 82 capacity to dissipate heat.

FIG. 6 shows a perspective view of an alternate embodi-
ment of the heat dissipating assembly 90 of the present
invention in unassembled (FIG. 6a) and assembled states
(FIG. 6b). The heat generating electronic device package 92
1s often referred to as a dip package, or SO package for
surface mount applications. This type of electronic device
package does not include a tab-type thermal lead. Instead,
the electronic device package 92 has electrical leads 94,
some of which are ground leads used as thermal leads 96. In
particular, the electronic device package 92 has four thermal
leads 96 adjacent to one another. Because the thermal leads
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96 are adjacent, the heat sink 98 can utilize thermal legs 100
which extend between the thermal leads 96, instead of

extending to contact the top surface of the thermal leads 96,
as shown 1 FIGS. 1, 3, and 5.

The heat sink 98 has a generally planar body 102 sup-
ported above or on the top surface of the electronic device
package 92. Three thermal legs 100 extend from the body
102 of the heat sink 98 to and between the thermal leads 96
of the electronic device package 92. To ensure effective
thermal contact between the thermal legs 100 and the
thermal leads 96, the thermal legs can be soldered or
otherwise thermally attached to the thermal leads 96, being
careful not to short to the other non-ground electrical leads
94. In addition, the thermal legs 100 of the heat sink 98 can
be formed angled or arcuate such that they have feet 106
which can be thermally coupled to a thermal pad on the
substrate 14 adjacent the thermal leads 96. The heat sink 98
also 1incorporates large fins 104 extending from the body 102
of the heat sink 98 to increase the heat dissipating surface
arca of the heat sink 98.

While the invention has been particularly shown and
described with respect to specific embodiments thereof, it 1s
to be understood that various changes 1 form and detail may
be made hereto without departing from the spirit and scope
of the present mnvention and shall be encompassed within the
scope of the appended claims.

What 1s claimed 1s:

1. A heat sink assembly adapted to provide an increased
thermal path from a surface mount heat generating elec-
tronic device package, comprising:
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a substrate having a ground plane, wherein said ground
plane 1s used for heat dissipation;

a heat generating electronic device package mounted to
said substrate, having a ground lead thermally con-
nected to said ground plane of said substrate;

a heat sink comprising a body of thermally conductive
material and at least one thermal leg extending from
said body, wherein at least one thermal leg of said heat
sink 1s 1n direct thermal contact with said ground lead
of said heat generating electronic device package; and

wherein said electronic device package has multiple adja-
cent thermal leads, and said heat sink has at least one
thermal leg extending between said thermal leads.

2. The assembly of claim 1, wherein said multiple thermal
leads of said electronic device package and said at least one
thermal leg of said heat sink are thermally coupled using
solder.

3. The assembly of claim 1, wherein said multiple thermal
leads of said electronic device package and said at least one
thermal leg of said heat sink are thermally coupled using
thermally enhanced adhesive.

4. The assembly of claim 1, wherein said at least one
thermal leg of said heat sink 1s thermally coupled to a
thermal pad on the surface of said substrate.

5. The assembly of claim 4, wherein said at least one
thermal leg of said heat sink 1s formed to have feet which are
soldered to a thermal pad on the surface of said substrate.
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